NEEDLE-FREE INJECTION SYSTEM 

Cross Reference to Related Applications 
This application is a continuation-in-part of U.S. Patent Application No. 
10/164,920, filed June 4, 2002, the disclosure of which is incorporated in its entirety for 
5 all purposes. 

Background of the Invention 
Needle-free injection systems provide an alternative to standard fluid delivery 
systems, which typically use a needle adapted to penetrate the outer surface of a target. 
Typically, needle-free injection systems are designed to eject the fluid from a fluid 

10 chamber with sufficient pressure to allow the fluid to penetrate the target to the desired 
degree. For example, common applications for needle-free injection systems include 
delivering intradermal, subcutaneous and intramuscular injections into or through a 
recipient's skin. For each of these applications, the fluid must be ejected from the system 
with sufficient pressure to allow the fluid to penetrate the tough exterior dermal layers of 

1 5 the recipient's skin. 

Summary of the Invention 
The invention provides an improved needle-free injection device. The injection 
device includes a user-grippable housing and a syringe assembly movably secured to the 
housing. The syringe assembly is configured to expel injectable fluid out of a nozzle 
20 upon application of pressurized gas to the syringe assembly. The injection device also 
includes a pressurized gas delivery mechanism disposed within the housing and 
configured to selectively apply pressurized gas to the syringe assembly. The pressurized 
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gas delivery mechanism is at least partly actuated by pressing the nozzle onto an injection 
site so that the syringe assembly moves relative to the housing. 

Brief Description of the Drawings 
5 Fig. 1 is a sectional side elevation view of a needle-free injection system according 

to the invention, and depicts the system in a primed position. 

Fig. 2 is a sectional side elevation view of the system of Fig. 1 that depicts the 
system in a charged position. 

Fig. 3 is a sectional side elevation view of the system of Fig. 1 that depicts the 
10 system after it has been fired. 

Fig. 4 is an exploded view of the system of Fig. 1. 

Fig. 5 is an isometric exploded view showing structures that may be used to 
connect a fluid supply to the injection device depicted in Figs. 1-4. 

Fig. 6 is an isometric view of a fluid supply adapter that is also shown in Fig. 5. 
15 Fig. 7 is a bottom view of the fluid supply adapter shown in Figs. 5 and 6. 

Fig. 8 is a top view of a locking ring that is also shown in Fig. 5. 
Figs. 9 A, 9B and 9C are top views of a rotatable key member that is also shown in 
Fig. 5, and show the rotatable key member in three different rotational positions relative 
to the injection device of Figs. 1-4. 
20 Fig. 10 is a top view of a base member that is also shown in Fig. 5. 



Page 2 



Fig. 11 is a sectional side elevation view of a needle-free injection system 
according to another embodiment of the invention, and depicts the system in a primed 
position. 

Fig. 12 is a sectional side elevation view of the system of Fig. 11 that depicts the 
5 system in a charged position. 

Fig. 13 is a sectional side elevation view of the system of Fig. 11 that depicts the 
system after it has been fired. 

Fig. 14 is a sectional top view of the system of Fig. 1 1 that depicts the system in a 
primed position. 

10 Fig. 15 is a sectional top view of the system of Fig. 1 1 that depicts the system after 

it has been fired. 

Detailed Description of the Preferred Embodiments 
Construction of the Preferred Embodiments 

Fig. 1 depicts a needle-free injection system 20 according to the invention, 
15 including an injection device 22. Fig. 1 shows injection device 22 in a first position, 
which will be referred to as the "primed" or "priming" position. Typically, the device is 
also placed in the position shown in Fig. 1 for storage and/or shipping. Fig. 2 depicts 
device 22 in a position which will be referred to as the "primed" or "priming" position; 
Fig. 3 depicts device 22 in a position which will be referred to as the "fired" or "firing" 
20 position. Fig. 4 is an exploded view depicting various components that may be used to 
construct injection device 22. 
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As will be explained in more detail below, injection device 22 is configured to 
inject a dose of a drug or other fluid into a subject animal. This is accomplished by using 
pressurized gas to expel fluid from the injection device. The pressurized gas may be 
supplied from a tank, cartridge or other source, and typically is delivered through device 
5 22 and vented via operation of various valve structures. System 20 may include a fluid 
supply 24 that may be coupled with injection device 22 in order to supply the injection 
device with fluid, such as drugs, vaccines or other injectable fluids. 

As shown, injection device 22 may include an outer housing 26, which typically is 
adapted to be comfortably held in a user's hand. The depicted housing is formed from 

10 injection-molded plastic, though various other materials and fabrication methods may be 
employed as desired. 

Injection device 22 typically includes a fluid expulsion mechanism, such as 
syringe assembly 28, that is configured to draw in and forcibly expel drugs or other 
fluids. As shown in the figures, syringe assembly 28 may be disposed at least partially 

15 within housing 26 toward a forward end of the housing. Syringe assembly 28 includes a 
nozzle 30, which is affixed to an end of a fluid cylinder 32 and sealed thereon with an o- 
ring 34. A plunger 36 is slidably disposed within fluid cylinder 32, thereby defining a 
variable-volume fluid reservoir 38. When plunger 36 is advanced (i.e., moved to the 
right in Figs. 1-3), fluid is expelled out of fluid reservoir 38 through a discharge outlet 40 

20 provided in nozzle 30. Retraction of plunger 36 (i.e., moving the plunger to the left in 
Figs. 1-3) draws fluid into fluid reservoir 38 through inlet 42, which typically is coupled 
with fluid supply 24. It should be appreciated that syringe assembly 28 is presented as an 
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illustrative example only, and that other variable-volume devices may be employed. For 
example, a squeezable bulb or elastomeric bladder may be used to expel fluid from 
injection device 22. 

In the depicted syringe assembly, outlet 40 and inlet 42 typically are provided with 
check valves to prevent backflow. Various types of valves may be used, though ball-type 
check valves have proved useful in the depicted embodiment. Specifically, as indicated 
in the figures, an outlet check ball 44 is disposed within an outlet check ball chamber 46. 
Outlet check ball 44 is held against a valve seat 48 as plunger 36 is retracted, to prevent 
fluid or contaminants from being drawn into fluid reservoir 38 through discharge outlet 
40. A spring (not shown) may also be provided to urge the check ball to the left into the 
closed position. As plunger 36 advances, check ball 44 moves forward, away from 
engagement with seat 48, allowing fluid to pass around the check ball and out of nozzle 
30 through outlet 40. Inlet 42 may also include a similar ball-type check valve 52, 
including a check ball (not shown) urged upward into a closed position against a valve 
seat. When plunger 36 retracts, check valve 52 opens, allowing fluid from fluid supply 
24 to be drawn through the check ball valve into fluid reservoir 38. 

As indicated, a piston 60 may be secured to plunger 36. In the depicted 
embodiment, piston 60 is slidably disposed within a piston cylinder 62, and creates a 
substantially sealed interface with an interior wall 62a of the piston cylinder. As will be 
explained in more detail below, when a poppet valve 64 opens, as shown in Fig. 3, 
pressurized gas from a gas reservoir 66 is allowed to escape past a gas bulkhead 68 
through a bulkhead opening 70. Gas reservoir 66 is contained within a gas cylinder 72, 
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which is fixedly secured relative to bulkhead 68 and piston cylinder 62. Upon the 
opening of poppet valve 64, the pressurized gas exerts upon operative surface 60a of 
piston 60, causing piston 60 and plunger 36 to advance forward and expel fluid from 
syringe assembly 28 through discharge outlet 40. The area between bulkhead 68 and 
5 piston 60 created by the advancement of piston 60 will be referred to as piston chamber 
74 (Fig. 3). As indicated, a return spring 76 may be provided to urge piston 60 back 
toward bulkhead 68 upon venting of pressurized gas within piston chamber 74 and gas 
reservoir 66. 

Syringe assembly 28 may be configured with an adjustment capability to allow 
10 variation of the maximum amount of fluid that may be drawn into and expelled from 
fluid reservoir 38. Specifically, as indicated, the outer circumference of fluid cylinder 32 
may include threads 80 configured to interface with corresponding threads on piston 
cylinder 62. Rotation of the fluid cylinder then varies the plunger's permitted range of 
motion, by adjusting the maximum amount by which plunger 36 may be withdrawn from 
15 fluid cylinder 32 before being blocked by bulkhead 68. This adjusts the maximum 
volume of fluid reservoir 38. A locking nut 84 may also be provided to retain fluid 
cylinder 32 in place relative to piston cylinder 62 once a desired volume has been 
selected. Indicia 85 may be provided on the outer surface of the fluid cylinder 32, or in 
another suitable location, to indicate the selected volume and/or the relative position of 
20 fluid cylinder 32 and piston cylinder 62. 

As indicated above, piston cylinder 62 typically is fixedly secured to gas bulkhead 
68 and gas cylinder 72. Toward the rear half of housing 26, a slidable valve structure 90 
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is fixedly secured to gas cylinder 72. Piston cylinder 62, gas cylinder 72 and slidable 
valve structure 90 collectively form a reciprocating structure 92 which moves back and 
forth relative to housing 26 along axis 94. Syringe assembly 28 is secured to the forward 
end of reciprocating structure 92, and thus also moves relative to housing 26. The 
5 forward end of reciprocating structure 92 is held within an aperture in housing 26, such 
that at least part of syringe assembly 28 sticks out of the forward end of housing 26. A 
wiper seal 96 may be provided within the aperture to contact the reciprocating structure 
(e.g., the outer surface of piston cylinder 62). Toward the rear of reciprocating structure 
92, slidable valve structure 90 is slidably supported within a valve body 100 that is 

1 0 fixedly secured within housing 26. 

During operation, reciprocating structure 92 is progressively pushed into housing 
26 from the position shown in Fig. 1, to the position shown in Fig. 3. Normally, this 
occurs as a result of pressing nozzle 30 against an injection site while manually gripping 
housing 26. Spring 102 is compressed as reciprocating structure 92 moves in a rearward 

15 direction relative to housing 26. Upon removal of the compressing force, spring 102 
urges reciprocating structure 92 back toward the position shown in Fig. 1 . 

An adjustment bolt 104 or like device may be provided to adjust the degree to 
which reciprocating structure 92 may be pushed into housing 26. Specifically, as seen at 
the rear or left end of Fig. 3, the head of bolt 104 abuts the rear portion of the interior of 

20 housing 26 to prevent further rearward movement of reciprocating structure 92 relative to 
housing 26. Rotation of bolt 104 thus adjusts the available range of rearward travel of 
reciprocating structure 92. 
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As depicted, slidable valve structure 90 may include an inner valve sleeve 1 10 and 
an outer valve sleeve 112. In the depicted exemplary embodiment, outer valve sleeve 
1 12 includes a first set of holes 1 14 which fluidly communicate with a bore passage 1 16 
defined through the center of inner valve sleeve 110. Bore passage 116 fluidly couples 
5 with a poppet reservoir 118 defined in part by poppet 120. In the depicted embodiment, 
poppet 120 is slidably movable back arid forth on the end of slidable valve structure 90. 
When poppet 120 is in its forward-most position, as shown in Figs. 1 and 2, poppet 120 
seats into a valve seat in bulkhead 68, thus sealing off gas reservoir 66 from piston 
chamber 74. Fore-and-aft movement of poppet 120 typically is controlled by gas 

10 pressure existing in poppet reservoir 118 and gas reservoir 66. 

Outer valve sleeve 112 may include another set of holes 130, which fluidly 
communicate with a cylindrical passage 132. As indicated, passage 132 may be defined 
between the inner and outer valve sleeves. Cylindrical passage 132 fluidly couples with 
gas reservoir 66 via holes 134. The external surface of outer valve sleeve 112 may 

15 include a single, small groove 135 to provide a gas path between one of holes 130 and 
one of holes 114. This gas path provides a means of escape for exhaust gas at the 
conclusion of an injection sequence. 

A gas fitting 140 may be provided into housing 26, to enable the injection device 
to be supplied with compressed air or some other pressurized gas via a gas hose (not 

20 shown). The delivery of pressurized gas through the device typically is controlled via a 
supply valve assembly 142, which is actuated via operation of a trigger 144. As shown, 
supply valve assembly 142 may include a valve 146 biased into a closed position by a 
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spring (not shown), a supply valve plunger 148 secured to supply valve 146, and a supply 
conduit 150 through which pressurized gas is provided upon opening of the valve. 

Trigger 144 is pivotally movable relative to housing 26 via a hinge 147 provided 
toward its rear end. Pushing the forward end of trigger 144 inward (or upward as 
5 depicted) causes valve plunger 148 to move upward. Upward movement of valve 
plunger 148 moves supply valve 146 upward into an open position, allowing pressurized 
gas to pass beyond supply valve 146 and be delivered to other parts of device 22 via a 
supply conduit 150. 

9 

Valve body 100 includes a forward section 170, a rear section 172, and two 
10 intermediate sections 174 and 176. A spring 102 extends between and urges against 
forward section 170 and the rear end of gas cylinder 72. Three U-cup seals 180, 182 and 
184 are provided between the pieces of the valve body. The area of intermediate section 
176 between seals 182 and 184 provides a supply chamber 186 that is fluidly coupled 
with supply conduit 150 of supply valve assembly 142. The area of rear section 172 to 
15 the rear of seal 184 vents to atmosphere, as does the area of intermediate section 174 
forward of seal 180. 

Accordingly, it will be appreciated that moving slidable valve structure 90 
backward and forward relative to valve body 100 (e.g., by pushing reciprocating structure 
92 into housing 26) controls pressurization and venting of the various passages in slidable 
20 valve structure 90. Referring to Fig. 3, for example, valve structure 90 is positioned so 
that holes 114 in outer valve sleeve 112 are aligned slightly to the rear of seal 184, 
allowing bore passage 116 and poppet reservoir 118 to vent to atmosphere. In Fig. 1, 
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holes 130 are aligned slightly to the front of seal 180, allowing cylindrical passage 132 
and gas reservoir 66 to vent to atmosphere. In Figs. 1-3, holes 1 14 and/or holes 130 are 
at times aligned with supply chamber 186, such that the respective passages and 
reservoirs are equalized in pressure relative to the supply chamber. Accordingly, in such 
5 a state of alignment, opening supply valve 146 would pressurize the respective 
passages/reservoirs . 

As seen in Fig. 1, injection device 22 may also include a dye marker 200. Dye 
marker 200 includes a dye reservoir 202 arid a dye outlet 204. A pressure inlet 206 is 
coupled with a pressure source via a hose 208. Dye marker 200 is configured to apply a 

10 metered amount of marking dye to an injection site upon application of air pressure 
through hose 208. Typically, the pressure source is provided by the residual air pressure 
in gas reservoir 66 and piston chamber 74 as those areas are vented. Specifically, hose 
208 may be coupled to an exhaust port in housing 26 to fluidly couple dye marker 200 
with venting passages within injection device 22. 

15 Figs. 11-15 depict a needle-free injection system 1020 according to another 

embodiment of the invention. Injection system 1020 includes an injection device 1022. 
Fig. 11 shows injection device 1022 in a first position. Typically, the device is placed in 
the position shown in Fig. 1 1 for storage and/or shipping, and thus, this position may be 
referred to as the "storage" position. Fig. 12 depicts device 1022 in a position which will 

20 be referred to as the "primed," or "priming" position. Fig. 13 depicts device 1022 in a 
position which will be referred to as the "fired" or "firing" position. Fig. 14 depicts 
device 1022 in the storage position shown in Fig. 11, but rotated 90 degrees along the 
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horizontal axis to show a top sectional view. Fig. 15 depicts device 1022 in the fired 
position shown in Fig. 13, but rotated 90 degrees along the horizontal axis to show a top 
sectional view. 

For the sake of clarity those elements of the injection device shown in Figs. 11-15 
5 that perform the same or a similar function as elements of the injection device described 
with respect to Figs. 1-3 are given corresponding reference numbers in the thousands 
range. For example, where the injection device in Figs. 1-3 is given the reference number 
22, the injection device in Figs. 11-15 is given the reference number 1022. Moreover, it 
should be appreciated that any of the elements described with respect to the embodiment 
10 shown in Figs. 1-3 may be incorporated into the device shown in Figs. 11-15 and vice 
versa. 

As in the embodiment described above with respect to Figs. 1-3, injection device 
1022 is configured to inject a dose of a drug or other fluid into a subject animal. This is 
accomplished by using pressurized gas to expel fluid from the injection device. The 
15 pressurized gas may be supplied from a tank, cartridge or other source, and typically is 
delivered through device 1022 and vented via operation of various valve structures. 
System 1020 may include a fluid supply (not shown) that may be coupled with injection 
device 1022 in order to supply the injection device with fluid, such as drugs, vaccines or 
other injectable fluids. 

20 As shown, injection device 1022 may. include an outer housing 1026, which 

typically is adapted to be comfortably held in a user's hand. The depicted housing is 
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formed from injection-molded plastic, though various other materials and fabrication 
methods may be employed as desired. 

Injection device 1022 typically includes a fluid expulsion mechanism, such as 
syringe assembly 1028, that is configured to draw in and forcibly expel drugs or other 
5 fluids. As shown in the figures, syringe assembly 1028 may be disposed at least partially 
within housing 1026 toward a forward end of the housing. Syringe assembly 1028 
includes a disposable nozzle assembly 1030. Detachable nozzle assembly 1030 includes 
a disposable end cap 1031 and a disposable nozzle 1033. End cap 1031 is detachably 
connected to a retaining structure 1035, and may be sealed thereon by an o-ring 1037. 

10 Nozzle 1033 may be detachably seated into retaining structure 1035, and defines 
discharge outlet 1040. O-ring 1034 may provide a seal between disposable nozzle 1033 
and fluid cylinder 1032. End cap 1031, nozzle 1033, and retaining structure 1035 may be 
formed out of any suitable material or materials including, for example, plastic or metal. 
In some embodiments, end cap 1031 and nozzle 1033 may be formed of plastic, while 

1 5 retaining structure 1 035 may be formed of metal. 

A plunger 1036 is slidably disposed within fluid cylinder 1032, thereby defining a 
variable- volume fluid reservoir 1038. When plunger 1036 is advanced (i.e., moVed to the 
right in Figs. 11-14), fluid is expelled out of fluid reservoir 1038 via fluid path 1039 and 
through a discharge outlet 1040 provided in nozzle 1030. Retraction of plunger 1036 

20 (i.e., moving the plunger to the left in Figs. 1 1-15) draws fluid into fluid reservoir 1038 
through inlet 1042, which typically is coupled with a fluid supply via connecting 
assembly 1025. The connection between inlet 1042 and fluid path 1039 may be sealed by 
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an o-ring 1043. It should be appreciated that syringe assembly 1028 is presented as an 
illustrative example only, and that other variable-volume devices may be employed. For 
example, a squeezable bulb or elastomeric bladder may be used to expel fluid from 
injection device 1022. 

5 In the depicted syringe assembly, outlet 1040 and inlet 1042 typically are provided 

with check valves to prevent backflow. Various types of valves may be used, including 
ball-type check valves. Specifically, as indicated in the figures, an outlet check ball 1044 
is disposed within an outlet check ball chamber 1046. Outlet check ball 1044 is held 
against a valve seat 1048 as plunger 1036 is retracted, to prevent fluid or contaminants 

10 from being drawn into fluid reservoir 1038 through discharge outlet 1040. A spring 1045 
may also be provided to urge the check ball towards valve seat 1048 and into the closed 
position. Spring 1045 may be retained in place by a retaining structure 1047. Retaining 
structure 1047 may, for example, be formed of plastic or any other suitable material. As 
plunger 1036 advances, check ball 1044 moves forward, away from engagement with 

15 seat 1048, allowing fluid to pass around the check ball and out of nozzle 1030 through 
outlet 1040. Inlet 1042 may also include a similar ball-type check valve including a 
check ball 1052 urged upward into a closed position against a valve seat 1051. Again, a 
spring 1053 may be provided to urge check ball 1052 into valve seat 1051 and into the 
closed position. When plunger 1036 retracts, check valve 1052 opens, allowing fluid 

20 from fluid supply 1024 to be drawn through the check ball valve into fluid reservoir 
1038. 
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As indicated, a piston 1060 may be secured to plunger 1036. In the depicted 
embodiment, piston 1060 is slidably disposed within a piston cylinder 1062, and creates a 
substantially sealed interface with an interior wall 1062a of the piston cylinder. As will 
be explained in more detail below, when a poppet valve 1064 opens, as shown in Fig. 13, 
5 pressurized gas from a gas reservoir 1066 is allowed to escape past a gas bulkhead 1068 
through a bulkhead opening 1070. Gas reservoir 1066 is contained within a gas cylinder 
1072, which is fixedly secured relative to bulkhead 1068 and piston cylinder 1062. Upon 
the opening of poppet valve 1064, the pressurized gas exerts upon operative surface 
1060a of piston 1060, causing piston 1060 and plunger 1036 to advance forward and 

10 expel fluid from syringe assembly 1028 through discharge outlet 1040. The area between 
bulkhead 1068 and piston 1060 created by the advancement of piston 1060 will be 
referred to as piston chamber 1074 (Fig. 13). As indicated, a return spring 1076 may be 
provided to urge piston 1060 back toward bulkhead 1068 upon venting of pressurized gas 
within piston chamber 1074 and gas reservoir 1066. 

15 Syringe assembly 1028 may be configured with an adjustment capability to allow 

variation of the maximum amount of fluid that may be drawn into and expelled from 
fluid reservoir 1038. Specifically, as indicated, the outer circumference of fluid cylinder 
1032 may include threads 1080 configured to interface with corresponding threads on 
piston cylinder 1062. Rotation of the fluid cylinder then varies the plunger's permitted 

20 range of motion, by adjusting the maximum amount by which plunger 1036 may be 
withdrawn from fluid cylinder 1032 before being blocked by bulkhead 1068. This 
adjusts the maximum volume of fluid reservoir 1038. A locking nut 1084 may also be 
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provided to retain fluid cylinder 1032 in place relative to piston cylinder 1062 once a 
desired volume has been selected. While not shown, as with the embodiment described 
with respect to Figs. 1-3, indicia may be provided on the outer surface of the fluid 
cylinder 1032, or in another suitable location, to indicate the selected volume and/or the 
relative position of fluid cylinder 1032 and piston cylinder 1062. 

As indicated above, piston cylinder 1062 typically is fixedly secured to gas 
bulkhead 1068 and gas cylinder 1072. Toward the rear half of housing 1026, a slidable 
valve structure 1090 is fixedly secured to gas cylinder 1072. Piston cylinder 1062, gas 
cylinder 1072 and slidable valve structure 1090 collectively form a reciprocating 
structure 1092 which moves back and forth relative to housing 1026 along axis 1094. 
Syringe assembly 1028 is secured to the forward end of reciprocating structure 1092, and 
thus also moves relative to housing 1026. The forward end of reciprocating structure 
1092 is held within ah aperture in housing 1026, such that at least part of syringe 
assembly 1028 sticks out of the forward end of housing 1026. A wiper seal 1096 may be 
provided within the aperture to contact the reciprocating structure (e.g., the outer surface 
of piston cylinder 1062). Toward the rear of reciprocating structure 1092, slidable valve 
structure 1090 is slidably supported within a valve body 1100 that is fixedly secured 
within housing 1026. 

During operation, reciprocating structure 1092 is progressively pushed into 
housing 1026 from the position shown in Fig. 11, to the position shown in Fig. 13. 
Normally, this occurs as a result of pressing nozzle 1030 against an injection site while 
manually gripping housing 1026. Spring 1102 is compressed as reciprocating structure 
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1092 moves in a rearward direction relative to housing 1026. Upon removal of the 
compressing force, spring 1102 urges reciprocating structure 1092 back toward the 
position shown in Fig. 1 1 . 

An adjustment bolt 1104 or like device may be provided to adjust the degree to 
which reciprocating structure 1092 may be pushed into housing 1026. Specifically, as 
seen at the rear or left end of Fig. 13, the head of bolt 1104 abuts the rear portion of the 
interior of housing 1026 to prevent further rearward movement of reciprocating structure 
1092 relative to housing 1026. Rotation of bolt 1104 thus adjusts the available range of 
rearward travel of reciprocating structure 1092. 

As depicted, slidable valve structure 1090 may include an inner valve sleeve 1110 
and an outer valve sleeve 1112. In the depicted exemplary embodiment, outer valve 
sleeve 1112 includes a first set of holes 1114 which fluidly communicate with a bore 
passage 1 1 16 defined through the center of inner valve sleeve 1110. Bore passage 1 1 16 
fluidly couples with a poppet reservoir 1118 defined in part by poppet seat 1119. Poppet 
seat 1119 is adapted to retain a poppet 1120. In the depicted embodiment, poppet seat 
1119 is slidably movable back and forth on the end of slidable valve structure 1090. 
When poppet seat 1 1 19 is in its forward-most position, as shown in Fig. 12, poppet 1 120 
seats into a valve seat in bulkhead 1068, thus sealing off gas reservoir 1066 from piston 
chamber 1074. Fore-and-aft movement of poppet seat 1119 typically is controlled by gas 
pressure existing in poppet reservoir 1118 and gas reservoir 1066. 

Outer valve sleeve 1112 may include another set of holes 1130, which fluidly 
communicate with a cylindrical passage 1132. As indicated, passage 1132 may be 
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defined between the inner and outer valve sleeves. Cylindrical passage 1132 fluidly 
couples with gas reservoir 1066 via holes 1134. The external surface of the outer valve 
sleeve 1112 may include a single, small groove, 1135 (shown in Figs. 14 and 15) to 
provide a gas path between one of holes 130 and one of holes 114. This gas path 
provides a means of escape for exhaust gas at the conclusion of an injection sequence. 

A gas fitting 1140 may be provided into housing 1026, to enable the injection 
device to be supplied with compressed air or some other pressurized gas via a gas hose 
(not shown). The delivery of pressurized gas through the device typically is controlled 
via a supply valve assembly 1 142, which is actuated via operation of a trigger 1 144. As 
shown, supply valve assembly 1142 may include a valve 1146 biased into a closed 
position by a spring 1 145, a supply valve plunger 1 148 secured to supply valve 1 146, and 
a supply conduit 1150 through which pressurized gas is provided upon opening of the 
valve. 

Trigger 1144 is pivotally movable relative to housing 1026 via a hinge 1147 
provided toward its rear end. Pushing the forward end of trigger 1 144 inward (or upward 
as depicted) causes valve plunger 1148 to move upward. Upward movement of valve 
plunger 1148 moves supply valve 1146 upward into an open position, allowing 
pressurized gas to pass beyond supply valve 1146 and be delivered to other parts of 
device 1022 via a supply conduit 1 150. 

Valve body 1100 includes a forward section 1170, a rear section 1172, and an 
intermediate section 1174. A spring 1102 extends between and urges against a recessed 
region 1171 of forward section 1 170 and the rear end of gas cylinder 1072. Three U-cup 
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seals 1 180, 1 182 and 1 184 are provided between the pieces of the valve body. The area 
of rear section 1 172 between seals 1 182 and 1 184 provides a supply chamber 1 186 that is 
fluidly coupled with supply conduit 1 150 of supply valve assembly 1 142. 

Accordingly, it will be appreciated that moving slidable valve structure 1090 
5 backward and forward relative to valve body 1100 (e.g., by pushing reciprocating 
structure 1092 into housing 1026) controls pressurization and venting of the various 
passages in slidable valve structure 1090. Referring to Fig. 13, for example, valve 
structure 1090 is positioned so that holes 1114 in outer valve sleeve 1112 are aligned 
slightly to the rear of seal 1 184, allowing bore passage 1116 and poppet reservoir 1 1 18 to 

10 vent to atmosphere. In Fig. 11, holes 1 130 are aligned slightly to the front of seal 1 182, 
allowing cylindrical passage 1 132 and gas reservoir 1066 to vent to atmosphere. In Figs. 
1 1-13, holes 1 1 14 and/or holes 1 130 are at times aligned with supply chamber 1 186, such 
that the respective passages and reservoirs are equalized in pressure relative to the supply 
chamber. Accordingly, in such a state of alignment, opening supply valve 1146 would 

1 5 pressurize the respective passages/reservoirs. 

As seen in Figs. 14 and 15, injection device 1022 may also include a marking 
assembly 1200. Marking assembly 1200 is connected to outer housing 1026 of device 
1022 by supporting structure 1210. As shown, supporting structure 1210 may terminate 
in a housing 1212, which is adapted to receive and secure a fluid reservoir 1214. 

20 Typically, fluid reservoir 1214 includes a fluid chamber 1215 in fluid communication 
with a nib 1218, which extends out of the fluid chamber. Nib 1218 typically acts as a 
wick, drawing fluid out of reservoir 1214. Typically, reservoir 1214 holds ink or some 
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other fluid capable of leaving a detectable mark on the surface (i.e., skin, hide, or hair) of 
an injection recipient. In the depicted embodiment, fluid reservoir 1214 may take the 
form of a writing instrument, or marker 1219. Suitable markers include the Sharpie® 
writing instruments sold by Sanford Corp. (Bellwood, IL). 

As shown, housing 1212 defines a chamber 1216 near nib 1218 of marker 1202. 
Chamber 1216 includes an outlet 1220, surrounding nib 1218. Outlet 1220 may, for 
example, be conical in shape, extending from nib 1218 outwards, as shown, thereby 
creating a shaped venture channel. Air passage 1222 extends from chamber 1216 
through supporting structure 1210 and into device 1022, where it communicates with 
supply conduit 1224. Supply conduit 1224 is adapted to communicate with holes 1 130 in 
slidable valve structure 1090 when the slidable valve structure is moved from the fired 
position (shown in Fig. 14) to the storage position (shown in Fig. 15). Thus, after an 
injection, at least a portion of the exhaust gas in gas reservoir 1066 and piston chamber 
1074 may be vented into chamber 1216, such that the airflow through chamber 1216 is 
directed past nib 1218, drawing fluid from nib 1218 out of outlet 1220 and onto the 
surface of the injection recipient. 

Operation of the Depicted Injection Devices 

The operation of injection device 22 will now be described with reference to Figs. 
1-3. It should be appreciated that, unless otherwise indicated, injection device 1022 will 
operate in a substantially similar manner. Injection device 22 is prepared for initial use 
by coupling a hose (not shown) from a compressed air tank or other supply of pressurized 
gas to fitting 140. Injection device 22 is then fired one or more times, in the manner to be 
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described below, in order to expel air from fluid reservoir 38 and draw a full metered 
dose of injectable fluid into the fluid reservoir. Operation of the injection device will be 
described assuming the device is initially in the position shown in Fig. 1 . 

First, the operator grips outer housing 26, and presses trigger 144 inward, opening 
5 supply valve 146, which causes pressurized gas to flow through supply conduit 150 into 
supply chamber 186. In the storage position shown in Fig. 1, holes 114 are aligned with 
supply chamber 186. Bore passage 116 is thus pressurized by the opening of supply 
valve 146, which causes poppet 120 to move forward and close the poppet valve, sealing 
off bulkhead 68 between gas reservoir 66 and piston chamber 74. 

10 Trigger 144 is depressed further, causing reciprocating structure 92 to be pushed 

somewhat into housing 26, moving device 22 from the storage position shown in Fig. 1 to 
the primed position shown in Fig. 2. In Fig. 2, holes 114 are still aligned with supply 
chamber 186, but the slidable valve assembly has moved far enough rearward so that 
holes 130 are now also aligned with supply chamber 186. Thus, gas reservoir 66 is 

15 pressurized (charged) via holes 130 and cylindrical passage 132. Poppet reservoir 118 
remains pressurized in Fig. 2, such that poppet valve 64 is held closed and no gas escapes 
into piston chamber 74. Plunger 36 thus remains in its fully withdrawn position. Though 
Fig. 2 shows trigger 144 un-depressed, it should be appreciated that the trigger is held 
depressed long enough to allow air delivered through supply valve 146 to charge gas 

20 reservoir 66. 

As the operator continues to push housing 26 against the injection site, 
reciprocating structure 92 is pushed further into the housing. At some point, slidable 
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valve structure 90 slides far enough rearward so that holes 114 pass beyond U-cup seal 
184, as seen in Fig. 3, which shows the injection device in the firing position. When 
holes 114 pass beyond seal 184, poppet reservoir 118 is allowed to vent to atmosphere 
through bore passage 116. At this point, there is a high pressure differential between gas 
5 reservoir 66 and atmosphere (e.g., 800 p.s.i. or greater), which causes poppet 120 to 
move rapidly away from bulkhead 68 and into its rearmost position. 

This opens poppet valve 64, which causes the pressurized gas that was contained 
within gas reservoir 66 to act upon operative surface 60a of piston 60, causing injectable 
fluid to be rapidly expelled from fluid reservoir 38 through nozzle 30. The expulsion of 

10 the injectable fluid forces outlet check ball 44 forward, and the injectable fluid passes 
through check ball chamber 46 around the outside of the check ball. Check ball 44 and 
check ball chamber 46 should be sized so that there is sufficient clearance around check 
ball 44 when it is in its forward position toward nozzle 30. In the depicted embodiment, 
there is approximately 0.007 inches of clearance around all sides of check ball 44 when in 

15 its advanced position. The expulsion of injectable fluid out of fluid reservoir 38 also aids 
in maintaining inlet check valve 52 closed, to prevent injectable fluid from flowing back 
into the fluid supply. 

As seen in Fig. 3, poppet 120 may be sized so that it covers holes 134 when in its 
rearmost position. This closes off channel 132 to prevent unnecessary waste of 
20 pressurized gas, by preventing further delivery of gas into gas reservoir 66. 

Fig. 3 shows piston 60 in its fully advanced position, and reciprocating structure 
92 in its rearmost position relative to housing 26. At this point, gas reservoir 66 and 
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piston chamber 74 have not yet vented, and those areas remain at a substantial pressure 
differential above atmosphere. Piston 60 thus remains advanced. As housing 26 is 
withdrawn from the injection site, spring 102 urges reciprocating structure 92 forward 
relative to housing 26. This in turn causes slidable valve structure 90 to move relative to 
valve body 100. Eventually, gas reservoir 66 and piston chamber 74 are vented when 
holes 130 and groove 135 of valve structure 90 pass forward beyond U-cup seal 180. As 
the pressure is released, spring 76 urges against piston 60, causing it to return from its 
advanced position to its retracted position against bulkhead 68, as seen in Figs. 1 and 2. 
In the embodiment shown in Figs. 1-3, the exhaust gas may be used to actuate dye marker 
200, by fluidly coupling the venting chamber and dye marker with hose 208. In the 
embodiment shown in Figs. 11-15, the exhaust gas may be directed past nib 1218, 
drawing marking fluid from nib 1218, out of outlet 1220, and onto the surface of the 
injection recipient. 

As piston 60 retracts, plunger 36 is retracted from its advanced position within 
fluid reservoir 38. The retreat of plunger 36 opens inlet check valve 52 and draws a new 
dose of fluid into fluid reservoir 38. The outlet check valve remains closed, due to its 
spring and the vacuum pressure created by the retraction of plunger 36. Eventually, the 
device returns to the position shown in Fig. 1 and is ready to deliver another injection of 
fluid in the manner just described. 

Construction and Operation of Fluid Supply Fittings 

It should be appreciated that many different types of fluids may be used in 
connection with the embodiments described above. For example, the device may be used 
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with more than one type of injectable drug. In medical and veterinary applications, it will 
often be critical that the device is cleaned between uses with different types of injectable 
fluid. Alternatively, even where one type of injectable fluid is repeatedly used, it will 
often be desirable and/or necessary to periodically clean the injection device. For 
example, when a multi-use device is repeatedly used with the same injectable fluid, the 
fluid can crystallize in the channels and valves that form the fluid path, clogging and 
obstructing the flow. Accordingly, it will often be desirable to clean the device every 
time that a container of injectable fluid is exhausted, prior to coupling a new container to 
the device. Typically, a cleaning fluid is used to clean the device. 

Fig. 5 depicts a fitting assembly 300 for connecting a fluid supply to syringe 
assembly 28. As will be explained in detail below, fitting assembly 300 may be 
configured to ensure that cleaning fluid is used between different types of injectable fluid. 
This is accomplished through use of two different types of adapter structures: one for 
injectable fluids, and a second for cleaning fluid. After an injectable fluid adapter is 
disconnected, another injectable fluid adapter cannot be coupled to the fitting assembly 
until a cleaning fluid adapter has been used. 

Referring more particularly to Fig. 5, exemplary fitting assembly 300 is shown in 
an exploded view. Figs. 6-10 depict different components of the fitting assembly and an 
adapter 302 that may be used to connect a fluid supply to the fitting assembly. Figs. 6-10 
also illustrate an exemplary method of operation. Fitting assembly 300 includes a 
locking member 304, a base 306 and a rotatable key member 308. These components are 
fitted together and secured to fluid cylinder 32 so that they are centered over inlet 42. A 
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collar 310 may wrap around fluid cylinder 32 and connect to the underside of base 306. 
Collar 310, base 306 and locking member 304 are fixed relative to fluid cylinder 32, 
while rotatable key member 308 is fotatable about axis 320. 

Fig. 5 also partially depicts a fluid supply, including adapter 302, which is 
5 configured to couple with fitting assembly 300. When adapter 302 is coupled to fitting 
assembly 300, fluid may be drawn from the fluid supply into fluid cylinder 32. Referring 
specifically to Fig. 6 (an isometric view of adapter 302), the adapter includes a cylindrical 
fitting 322 that fits over a corresponding fitting 324 provided on base 306. Fluid is drawn 
through a hose 326, through passages defined through fittings 322 and 324, and through 

10 inlet 42 into fluid cylinder 32. 

The underside of adapter 302 includes a key structure having two protruding legs 
340 and 342. Legs 340 and 342 have a generally L-shaped cross section, and are adapted 
to be received in corresponding L-shaped slots provided through rotatable key member 
308. Specifically, as seen in Figs. 9A, 9B and 9C, rotatable key member 308 includes 

1 5 two opposed pairs of slots: (1) slots 344 and 346, and (2) slots 348 and 350. The spacing 
between slots 344 and 346 differs from the spacing between slots 348 and 350. Depicted 
adapter 302 is sized so that its legs fit Only into one of the pairs of slots. A second type of 
adapter is used for the other pair of slots. 

Referring now primarily to Figs. 8-10, the operation of the fitting assembly and 

20 adapters will be described. In each of Figs. 8-10, a leftward pointing arrow (labeled "F") 
indicates the orientation of the depicted structure relative to the front of injection device 
22 (Fig. 5 also shows F near fluid cylinder 32, indicating the front of the injection 
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device). Adapter 302 is first inserted through aperture 360 provided through locking 
member 304. Aperture 360 is formed to have a number of widened cutout areas 362 
(individually designated with letters a, b, c and d) located symmetrically around the 
aperture. The legs of adapter 302 are sized so that they must be aligned with an opposed 
5 pair of cutout areas 362 in order to fit through aperture 360. 

Specifically, leg 340 is aligned with cutout area 362a and leg 342 is aligned with 
cutout area 362c. The legs are then inserted through aperture 360 so that the legs are 
received within the corresponding slots on rotatable key member 308. In particular, leg 
340 is received within slot 346 and leg 342 is received within slot 344, as seen in Figs. 

10 9A, 9B and 9C. Also, tab 370, which extends from the bottom of leg 340 (Figs. 6 and 7), 
extends into and is received Within an arcuate slot 372 provided in base 306 (Fig. 10). 

Once adapter 302 is fitted onto fitting assembly as just described, the adapter may 
be rotated clockwise up to ninety degrees from its initial inserted position. The 
corresponding rotational position of rotatable key member 308 is progressively shown in 

15 Figs. 9A, 9B and 9C. Fig. 9A corresponds to the initial position of adapter 302 just after 
it is mounted onto fitting assembly 300. The corresponding position of tab 372 within 
slot 370 is designated 370(9A) in Fig. 10. 

Fig. 9B shows the orientation of adapter 302 and rotatable key member 308 after 
they have been rotated 45 degrees clockwise from the orientation shown in Fig. 9A. In 

20 this position, the adapter is locked into place and the fluid supply is ready to deliver fluid 
to fluid cylinder 32 (Figs. 1-5). The corresponding position of tab 370 within slot 372 is 
designated as 370(9B) in Fig. 10. Adapter 302 is retained in place by edge portions 380 
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of locking member aperture 360. Specifically, edge portions 380 are held within slots 
382, which are defined in part by the legs of adapter 302, in order to prevent the adapter 
from pulling upward off of fitting assembly 300. 

After use, adapter 302 is rotated another 45 degrees in a clockwise direction, so 
that rotatable key member 308 and adapter 302 are rotated into the position shown in Fig. 
9C. The corresponding position of tab 370 within slot 372 is designated as 370(9C) in 
Fig. 10. In this position, legs 340 and 342 align with cutouts 362b and 362d, allowing the 
adapter to be pulled through locking member 304 and decoupled from fitting assembly 
300. 

In Fig. 9C, rotatable key member has been rotated 90 degrees from the position 
shown in Fig. 9 A, such that slots 350 and 348 are aligned with cutout areas 362a and 
362c. As discussed above, adapter 302 does not match with slots 350 and 348, because 
of the different spacing between the slots. Therefore, if the user attempts to insert the 
adapter through locking member 304 by aligning adapter legs 340 and 342 with cutout 
areas 362a and 362c, rotatable key member 308 will obstruct the adapter and prevent it 
from being fully mounted on fitting assembly 300. Instead, a second type of adapter 
must be used, having legs that are configured to be received within slots 350 and 348. 

Fitting assembly 300 typically is configured to constrain rotation of rotatable key 
member 308. As seen in Figs. 5 and 10, base 306 may include depressible structures 384, 
which each have a nub 384a that is resiliently urged toward rotatable key member 308 
(upward in Fig. 5). Depressible structures 384 may take the form of a ball joints, leaf 
springs, spring plungers or other suitable structures. The facing surface of rotatable key 
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member 308 includes a plurality of detents 386 in which nubs 384a may be received, 
depending on the rotational position of rotatable key member 308. Detents 386 have an 
asymmetrical shape, in order to produce a ratchet-type effect, in which a given detent can 
only move in one direction (e.g., clockwise rotation of rotatable key member 308, as in 
5 the depicted embodiment) past a nub. 

Typically, depressible structures 384 also extend into the slots in rotatable key 
member 308, to lock rotatable key member in various different rotational positions 
relative to base 306. For example, when rotatable key member 308 is in the position 
shown in Fig. 9A, nubs 384a extend upward into slots 344 and 346. Specifically, as 

10 shown in Fig. 9A, slots 344 and 346 each have an outer-most rounded leg portion 
adjacent the edge of rotatable key member 308. When rotatable key member 308 is in 
the position shown in Fig. 9A, the depressible structures extend upward into these 
rounded leg portions to lock the rotatable key member in place and prevent it from 
rotating. Rotatable key member 308 is unlocked by inserting an appropriately sized 

1 5 adapter, as explained below. 

The interaction described above between depressible structures 384 and rotatable 
key member 308 may be used to require alternating use of different types of adapters 
with fitting assembly 300. For purposes of illustration, a fluid supply adapter with legs 
sized to fit into slots 344 and 346 (e.g., adapter 302) will be referred to as a "Type A" 

20 adapter. An adapter with legs sized to fit into slots 348 and 350 will be referred to as a 
"Type B" adapter (not shown). 
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Beginning with Fig. 9 A, prior to insertion of the Type A adapter (i.e., adapter 
302), depressible structures 384 extend into slots 344 and 346 to rotationally lock 
rotatable key member 308 in place. To unlock rotatable key member 308, the Type A 
adapter is inserted, as shown in Fig. 9 A, so that the adapter legs depress nubs 384a and 
5 force them out of their inserted positions within slots 344 and 346. 

With rotatable key member thus unlocked, Type A adapter 302 and rotatable key 
member 308 are free to rotate 45 degrees clockwise into the operational position shown 
in Fig. 9B. In this position, depressible structures 384 are received within an opposed 
pair of detents 386. This prevents counter-clockwise rotation of rotatable key member 
10 308 back into the position shown in Fig. 9 A, requiring the user to rotate the device 
clockwise into the position shown in Fig. 9C in order to remove type A adapter 302. 

Accordingly, when the operator desires to remove Type A adapter 302 (for 
example, after emptying a container of vaccine), the adapter and rotatable key member 
308 are rotated into the position shown in Fig. 9C. In this position, depressible structures 
15 lock into slots 348 and 350, to prevent any further rotation of rotatable key member 308. 
At this point, a Type B adapter must be used to unlock rotatable key member 308, 
because the spacing between slots 348 and 350 differs from the spacing between slots 
344 and 346. 

This requires the user to alternate between Type A and Type B adapters. After 
20 using and removing a Type A adapter (e.g., with a particular vaccine), another Type A 
adapter cannot be used until a Type B adapter is connected to and removed from fitting 
assembly. This can be advantageously employed to require use of a cleaning fluid 
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between different types of injectable fluids, or before replacing a spent fluid supply, such 
as a vaccine container, with another supply of the same type of injectable fluid. Also, a 
storage cap may be provided in the form of a Type A adapter, requiring the operator to 
clean the device (e.g., with a Type B adapter and cleaning fluid) both before and after 
using the storage cap. 

While the present invention has been particularly shown and described with 
reference to the foregoing preferred embodiments, those skilled in the art will understand 
that many variations may be made therein without departing from the spirit and scope of 
the invention as defined in the following claims. The description of the invention should 
be understood to include all novel and non-obvious combinations of elements described 
herein, and claims may be presented in this or a later application to any novel and non- 
obvious combination of these elements. Where the claims recite "a" or "a first" element 
or the equivalent thereof, such claims should be understood to include incorporation of 
one or more such elements, neither requiring nor excluding two or more such elements. 
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